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Abstract 
Kyoto University research Reactor (KUR) restarted in Spring 2010 with low enriched fuel (20%) after 4 
years tentative interruption for fuel conversion. There are two facilities for neutron imaging: 1) B4 port at 
supermirror neutron guide tube (5x107 n/cm2/s at 5 MW, 1 cmx7.5 cm), 2) E2 port (3x105 n/cm2/s at 5 
MW, 15 cm dia.).  As we have large experimental space at the end of the guide tube and need small 
shielding because the neutron flux of KUR is not high, we have very large flexibility in  the experimental 
set up. Thus, experiments in B4 should be specialized in the measurements which require large and/or 
unconventional equipments to accommodate special sample conditions. The E2 port with the low neutron 
flux is used for experiments which need very long or frequent machine times . 
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1. Introduction 
Kyoto University research Reactor (KUR) shown in Fig.1 is a light-water moderated tank-type reactor 
with the nominal thermal power of 5MW[1].  It has been operated constantly more than 40 years after its 
criticality in 1964 and full power (5MW) in 1968. The operation with highly enriched (93%) uranium 
fuels(U-Al) ended on 2006, and KUR started again with low-enriched (less than 20%) uranium 
fuels(U3Si2-Al) in 2010 after 4 years interruption  for the fuel conversion. 
KUR has been served for the Japanese inter-university research program in physics, chemistry, biology, 
engineering, agriculture, medicine and so on. About 120 proposals are accepted per year under this 
program. The main experimental facilities are a Heavy water neutron irradiation facility for BNCT(Boron 
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Neutron Capture Therapy), pneumatic tubes for neutron activation analysis, a neutron radiography facility, 
material irradiation facilities with controlled temperature, a hydraulic conveyer for isotope production and 
high-dose material irradiation, a supermirror neutron guide tube for neutron imaging, and Ni-mirror 
neutron guide tubes for SANS and neutron reflectometry. 
 
 
Fig. 1. KUR (Kyoto University research Reactor)[1] 
2. Neutron Imaging Facilities in KUR 
As KUR is a middle class neutron source, the neutron flux is not high enough to attract researchers 
strongly. It is important to have distinguishing facilities which can make special experiments possible. 
From this point of view, KUR has a heavy water neutron irradiation facility for BNCT, material 
irradiation facilities with well controlled (340-773K) and very cold (10K) temperature. It also has the 
world's first supermirror neutron guide facility constructed in 1985[2]. 
There are two facilities for neutron imaging in KUR. 
1)The B4 port at the end of a supermirror neutron guide tube (Neutron Flux = 5x107 n/cm2/s at 5 MW, 
Beam size = 1 cmx7.5 cm, L/D = 60(vertical) and 70(horizontal) , Neutron flux and L/D changes 
according to the sample position because of the guide structure.): As well known, neutrons can penetrate 
metals and are sensitive to water. Neutron imaging is a good tool for the two-phase flow research which 
requires to observe a water-vapor system through a metal container and heaters. Though this research field 
is quite important for the nuclear safety engineering, it requires high electric power and large experimental 
space to settle many experimental equipments.  Usually, a high power electric system is not allowed in the 
reactor hall because of the risk of electric noise which the reactor safety system may have. So, we 
installed this high power two-phase experimental facility[3] far from KUR using a supermirror guide tube, 
and this electric power line was separated from that of the reactor. Thus we have a large experimental 
space at the end of the guide tube outside of the reactor building. The maximum electric power is DC 20V 
x 1200A. The max pressure of water loop is 2MPa. The temperature range is 20 - 150 oC and the flow rate 
is 0.028 - 2 l/min.  The high power system and the water loop in B4 port are shown in Fig.2. 
Another important feature is a small shielding because the neutron flux of KUR is not high. The 
radiation shielding in B4 is shown in Fig.3. We have very large flexibility in the experimental set up 
which is difficult to proceed in a high flux facility with a hard and rigid shielding.  Thus, experiments in 
B4 port should be specialized in the measurements which require large and/or special equipments to 
accomodate the special sample condition: for instance, two phase flow (high electric power), superfluid 
flow of water (high pressure and temperature), aerospace propellant (hydrazine which is explosive and 
toxic), and explosive fracture of concrete (fire). 
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2)E2 port (Neutron flux = 3x105 n/cm2/s at 5 MW, Beam size = 15 cm dia., L/D=100, Cd ratio = 400) 
in the reactor hall: A cooled CCD based neutron imaging device with a CT system has been installed in 
E2 port by Riken[4]. It has a 6LiF-ZnS based scintillator with thickness  of 100 micrometer. As the 
neutron flux is low, the number of users is small. It means that it has high flexibility in machine time. It is 
used for experiments which need very long or frequent machine times.  
 
  
Fig. 2. High power supply system(left) and water loop (right) for two phase flow research using neutron radiography in B4 port 
   
Fig. 3. Radiation shielding in B4 port 
 
3. Current Neutron Imaging Activities 
The research subjects of neutron imaging in the KURRI progress report 2010 and 2011 are as follows. 
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[Facility development and engineering]  1) Project for improving the utilization activity o n KUR and 
HL in KURRI under strategic promotion program for basic nuclear research[5], 2) Neutron imaging of 
industrial components and simulation using VCAD system[4], 3) Catalytic decomposition characteristics 
of satellite propulsion thrusters using neutron radiography technology at Kyoto University research 
reactor institute(KUR)[6]. 4) Three Dimensional High-Resolution Neutron Computed Tomography at 
KUR[7], 5) Development of Prompt Gamma-ray analysis apparatus for a combination with neutron 
radiography[8] . 
 [Two phase flow research] 7) Studies on boiling two-phase flow by neutron radiography for safety 
consideration of a nuclear reactor[9],  8) Visualization of two-phase flow in a polymer electrolyte fuel cell 
[10], 10) In-situ observation of mixing behavior in a flow-type reactor for supercritical hydrothermal 
synthesis using neutron radiography[11], 11) Neutron radiography on tubular flow reactor for supercritical 
hydrothermal synthesis of nanoparticles[12], 6) Quantitative measurement of liquid-film movement under 
forced convective boiling condition by using neutron radiography[13], 7) Quantitative evaluation of void 
wave propagation in oscillatory flow by using neutron radiography[14]. 
[Concrete research] 8)  Experimetal research on the hydraulic behavior of high strength concrete under 
hight temperature[15], 9) Continuous measurement of water in cement during hardening for more than 20 
days. 
[Others] 10) Application of neutron imaging for botanical research.   
4. Concluding remarks 
The Science Council of Japan officially announced the "Japanese Master Plan of Large Research 
Projects" [16] for the first time on March 2010. It includes 43 projects for all fields of science. The project 
which Research Reactor Institute, Kyoto University, has proposed is selected as one of the "Large Scale 
Research Projects" in this plan. The title is "Promotion of Leading Research toward Effective Utilization 
of Multidisciplinary Nuclear Science and Technology". The summary of this project is "Efficient 
utilization of nuclear power and radiation provides solutions to maintain, sustain and even to improve 
development of human society. With collaborative use of important research resources (as for example, 
reactors and accelerators), this program's objective is to establish a center of excellence to grow and to 
promote multidisciplinary nuclear science and technology." Neutron imaging using a research reactor is 
recognized as an important research field in this proposal. We are also making a future plan including a  
pulsed neutron source with moderate scale which has a pulsed neutron imaging facility. 
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Fig. 4. Explosive fracture experiment of concrete using fire at B4 port in KUR[15] 
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